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EXPERIMENTAL INVESTIGATION

Head Impacts in a Car Collision – A Simulation

The topic of your investigation will be a simulation of a head impact with the dashboard of a car.  The purpose will be to investigate the impact force and energy loss during such an impact, and how these two aspects can be affected by other parameters or variables.

A shot put will be used as a substitute for the head.  Foam layers will be used for the dashboard.

To achieve a speed before impact, the shot put can be released from a measured drop height.

The speeds just before and after impact, as well as the energy loss can be determined from measurements of the drop and rebound heights.  The determination of the impact force requires not only the speeds before and after impact, but also the duration of the impact.  Over the page is a list of all the equipment you might possibly use to measure the heights and times.

Your task for the investigation will be three-fold:

· Develop a plan

· Implement the plan

· Analyse the data and evaluate the plan

You will need to work with a partner for the task but each of the three aspects will be done individually.

Developing a plan

Your plan should include the following:-

· A clear statement of what aspects you will investigate,

· A list of the equipment you intend to use with its purpose described, including a diagram of layout,

· A description of your intended procedure, in point form, if preferable,

· An explanation of the physics ideas you will use to determine your calculated values, with a sample calculation using estimations of what you expect to measure,

· Any safety precautions.

Implementing your plan

This section should include the following:

· Aspects of your equipment and procedure which will limit the accuracy of your analysis and interpretation of your results, that is, sources of “error”,

· Steps taken to take account of the various sources of error,

· Difficulties that might have arisen and explanations they were overcome or avoided,

· Set of experimental data.

Analysing your data and evaluating your plan

This section should include the following:

· Presentation of data in a convenient form with graphs, tables or diagrams.

· Use of the graphs, etc. to show relationships between variables and the quantities measured or calculated,

· Correct treatment of significant figures,

· Interpretation of results,

· Discussion of limitation of findings due to experimental errors.

TIMELINE

One period to develop plan

Two – four periods to implement the plan

Two periods to analyse data and evaluate the plan

LOGBOOK

The attached lined pages will be used as your log book.  In it you will record:-

· All your data,

· Preliminary data analysis,

· Sketches of graphs,

· Comments and notes about each period’s work and tasks for the next period.

It will form the basis of the third stage and will be submitted along with your final report.  The logbook will therefore remain in the classroom.

EQUIPMENT AVAILABLE FOR USE IN EXPERIMENTAL INVESTIGATIONS

Measuring Instruments


Range
Scale
Accuracy

Measurement: Length

· Metre ruler
100 cm
1mm
+/- 0.5 mm

· Tape measure
30 m
2 mm
+/- 1 mm

· Micrometer
5 cm
0.01 mm
+/- 0.005 mm

· Vernier callipers
10 cm
0.01 mm
+/- 0.005 mm

Measurement: Mass

· Bathroom scales
100 kg
1 kg
0.5 kg

· Beam balance
300 gm
0.01gm
0.005 gm

· Top-loading balance
5000 gm
1 gm
0.5 gm

Measurement: Time
· Stop watch 

0.01 sec
0.005 sec

· Multi-counter 

0.001 sec
0.0005 sec

· Kinematica 

0.00001 sec
0.000005 sec

Equipment

· Shot puts (of various mass)

· Foam sheets of different densities

· Foam sheets with metal contacts attached for timing impacts.

· Wiring

PLANNING YOUR EXPERIMENTAL INVESTIGATION

Name: _________________________
Partner’s Name: _________________________________

Simulation of a Head Hitting a Dashboard

Give a clear statement of what aspects of this topic you will investigate

____________________________________________________________________________________

____________________________________________________________________________________

Provide a list of the equipment you intend to use with its purpose described, including a diagram of layout over the page.

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

Describe your intended procedure, in point form, if preferable

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

Explain the physics ideas that you will use in this investigation, and how you will use them.

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

Do a sample calculation of the important features of your investigation using estimations of what you expect to measure.

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

What safety precautions need to be taken.

____________________________________________________________________________________

Teachers Guide

Introduce the task briefly in a period before you plan to begin.  Do not distribute Booklet until students are ready to do their plan.

First period:
Put a display of equipment that could be used on front bench.  Students complete their plan in their booklet individually under open book test conditions.

Before next class
Correct and guide the plans, and assess them, but do not put the mark or grade on the plan itself.

Next class
Students begin their experimental investigation and record details in their booklet.

Remind them that equipment is to be shared between individuals in the class and between classes.  There should be enough timers and shot puts for one per group in each class.  The foam sheets and shot puts will need to be numbered to ensure the students get the same equipment each period.

Collect the booklets and the end of each class.

Next few classes
Student continue with investigation.  Use from 2 to 4 periods as you see fit.

Over two singles or
Students write up their report using their logbook.

a double

Assessment of Experimental Investigation

Name: …………………………………………… Partner’s Name: ………………………………………

This investigation looked at the force and energies involved in an impact.  The impact is a simulation of a head hitting the dashboard of a car.  The head was replaced by a shot put and the dashboard by layers of foam.

1. In your investigation what possible factors could affect the size of the force of impact and the energies involved?

……………………………………………………………………………………………………

2.
Which factor(s) did you decide to investigate?

……………………………………………………………………………………………………

3. Which factor(s) did you keep constant?

……………………………………………………………………………………………………

In your investigation you measured the drop height and the rebound height of the shot put, and the duration of the impact with the foam.

4. Explain, using relevant physics ideas, how you can obtain values for the force of impact and the loss of energy from the three measurements mentioned above.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

In your investigation it is likely that difficulties will arise.

5. Explain what steps you took to overcome or avoid such difficulties.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

Experimental results

After calculating the values for the Force of impact and the energy lost, the next question is to see how these might have been affected by the changes you made to your factors.  These changes are effectively described by a graph.

6. Which graphs did you produce?

……………………………………………………………………………………………………

……………………………………………………………………………………………………

7. Describe in words, in some detail, the shape of each graph.  If you are able to, suggest a mathematical curve that the graph looks like.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

After an investigation there are always possible improvements that could be made to the experimental technique, or further questions arise that could be investigated or extensions of the topic to other aspects.

8.
What could be possible improvements or extensions to your investigation.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

Conclusion

9.
Looking at your results, give a concise, but precise response to the purpose of your investigation.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

Your investigation is simulating a head impact with a car dashboard.

10. Calculate the height you would need to drop the shot put from to simulate the impact of a head of an unrestrained passenger with the dashboard in a car that was travelling at 60 kph when it hit a tree, bringing the car and the dashboard to a sudden stop. That is, how high would you need to drop the shot put from so that it hit the foam at 60 kph?

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

Analysis with sample data

Sample data











Mass of Shot put =

2. 5 kg

Foam Thickness  

=
5.0 
cm



Drop Height (m)

Rebound Height (m)



Impact Time (sec)


Impact
Energy Loss


Trial 1
Trial 2
Trial 3
Average
Trial 1
Trial 2
Trial 3
Average
Force (N)
(Joules)

1.20
0.72
0.71
0.75
0.73
0.046
0.052
0.059
0.052



1.00
0.59
0.62
0.61
0.61
0.061
0.048
0.043
0.051



0.80
0.5
0.48
0.52
0.50
0.047
0.057
0.051
0.052



0.60
0.36
0.37
0.36
0.36
0.061
0.051
0.046
0.053



0.40
0.25
0.24
0.22
0.24
0.055
0.049
0.055
0.053



0.20
0.13
0.12
0.12
0.12
0.057
0.055
0.043
0.052















Complete the table above.

Use data in the table to draw any graphs that you would find useful to explain what has happened in this student’s investigation.

Describe your graphs.

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

……………………………………………………………………………………………………

